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STARS is a number guessing game. We wrote STARS for small 
but big people like it too. 


STARS WAS WRITTEN FOR 
EDUSYSTEM 20. TO RUN IT 
ON AN HP 2000, DELETE 
LINE 130. 


EACH PRINT STATEMENT (LINES 450 
TO 510) PRINTS ONE STAR AND ALSO. 


RINGS THE BELL ОМ THE ТТУ. 


© Play it For San 
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NEXT ISSUE — 
we will publish Listing 
of several number 

guessing games. 
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WHATS WRONG WITH BASIC? E 


BASIC vs. all those other languages 
For you FORTRAN, APL and COBOL 
fanatics who are upset at our s—t—r—o—n-g 
stand for BASIC, we owe you an explanation. 
We deal primarily with school age kids and 
prefer BASIC for any or all of these reasons: 


BASIC is easily learned by large numbers of students. 
(We want to see many kids involved,not an elite few.) 


BASIC is easily learnéd by people with a wide range 
of ability (you don't need a strong math background 
to learn it). 


You can learn BASIC quickly. You don't need hours 
of instruction before you can write your own simple 
programs. 


There are a large number of instructional materials 
available written for novice computer users (teach 
yourself style, not programmed instruction). 


There is a tremendous wealth of support materials 
written to support BASIC in a variety of classroom 
situations (Huntington project, Project SOLO, 
Denver Calculus Project, REACT, HP and DEC 
materials). s 


The extensions to BASIC now available on nearly 
any disk, time sharing system make it possible to do 
nearly anything in BASIC that you might want to do 
in another language, though BASIC may not be as 
efficient. B 


BASIC is available in a time sharing environment on 
many very low cost computer systems.  - 
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Now, before you hasten to write and apply 
these same principles to the language of your 
choice, keep in mind our target — KIDS — 
kids ages 8 to 18 in a problem-solving, simu- 
lation and gaming environment. We're not 
concerned with huge number crunching 
applications nor do we care about super- 
complicated data processing schemes for 
which there are many languages far superior 
to BASIC. We just hope to introduce a large 
number of new people to a super, fun, learning/ 
recreational tool and want to do it at a rea- 
sonable cost and without a great deal of fuss. 

For the record, we have recently started 
doing some work in PILON (PYLON), a sub- 
set of PILOT, in our environment. A future 
issue will give details of our successes or fail- 
ures. We are also very curious about LOGO 
and its possible use in our environment. Our 
friends at Lawrence Hall of Science are work- 
ing on that and we hope to report on their 
progress as time goes on. We admit that we 
are BASIC BIGOTS, but we're looking at 
other languages as well ... but not FORTRAN, 


“> Leroy F. 


It may come as a surprise to many educa- 
tional/recreational computer users that the 
language they have come to know and love 
has serious flaws. By a flaw I mean something 
fundamentally wrong, as opposed to what 
could be called defects — problems which 
could be solved or somehow avoided. 

Every actual computer language has its very 
own garden of defects, which everybody talks 
about but nobody does anything about. By 
actual computer language I refer to ones which 
are actually implemented on some computer 
somewhere, as opposed to theoretical langu- 
ages, or specifications for proposed languages, 
which occur frequently in the literature of 
computer science. А defect in a language usu- 
ally results in users complaining loudly about 
such things as “It won't let me use zero fora 
subscript in my arrays" or “It won't let me use 
the bell in PRINT statements” and so on. 

Defects are annoying but not serious, they 
can be corrected by any reasonably competent 
programmer, assuming there is adequate docu- 
mentation for the language, which there usually 
isn't, which is why manufacturers can sell 
“better and better" versions of the same lan- 
guage (and possibly additional hardware as well) 
to users who have become hopelessly dependent 
on the language. Like drug addiction, the first 
one is usually free. 

Flaws in a language are much more danger- 
ous, because the novice user does not notice 
them. They insidiously distort his views of 
what computers are capable of, what he is capa- 
ble of doing with computers, and he is well on 
the way to joining those tragic figures who sit 
for hours, backs hunched, eyes glazed, nodding 
over their terminals: the “experienced” users. 

I shall now treat the following topics in 
turn; What is right about BASIC; What is 
wrong about BASIC from the standpoint of 
education; What is wrong about BASIC from 
the standpoint of recreational use, and finally; 
What is wrong about BASIC from the stand- 
point of computer science. 

Many of you may have noticed that this 
periodical has adopted BASIC as a sort of 
lingua franca. This is mainly for pragmatic 
reasons, and the purpose of this polemic is, in 
part, an attempt to temper what otherwise 
might be taken as an implicit whole-hearted 
acceptance of BASIC. As far as I can tell, 
the following things are more or less right 


about BASIC. 


It's popular. 
An increasing number of people are using BASIC, 
and, despite problems with incompatible versions, 
they are able to communicate, and exchange ideas 
and programs with each other, even though they 
have extremely different orientations. 

It's interactive, more or less. 
BASIC was designed to be used in a time sharing 
environment, so the mechanics of writing and 
running programs are fairly straightforward, within 
the limitations of the system it's implemented on, 
anyway. The 1/О statements (INPUT and PRINT), 
though limited, make the writing of interactive 
programs relatively easy, which makes it one of 
the few languages suitable for recreational purposes. 

It's widely available. 
Many manufacturers offer it, due to an ever growing 
demand for it by the educational segment of the 
market (as well as a not insignificant portion of the 
industrial). Besides, if a manufacturer provides 
software he also influences how much hardware the 


consumer buys: "But with the addition of another 
32K of core memory and 16 discs you can run our 
WALLAPALOOZA BASIC ..." The first one is free. 
He can also sell you software that no self-respectíng 
programmer would admit having written, and the 
consumer never suspects that he is using software 
which requires twice as much hardware, services 
half as many users, has more bugs and fewer 
capabilities than it could have. Anyway, BASIC 
is widely available, caveat ernptor. 

It doesn't rock the boat. 
BASIC fits in real smooth with the views most 
people have about what computation is. It intro- 
duces them to computers without forcing them 
to undertake radical restructuring of-their concepts. 
This helps make computers more acceptable, and in 
a very real sense more accessible to a large number 
of people, which is good. One of the important 
things about technology however, is that it forces 
people to adopt mental models of the world and 
how it works which are better aligned with reality. 
More about this in the next section. 


Because of the increasing utilization of 
BASIC in the educational field the following 
criticisms are particularly relevant. From an 
educational standpoint the things wrong with 
BASIC are. i 


It doesn't rock the boat. 

As mentioned above, BASIC is not a mind-expander. 
It certainly expands the class of experiences and 
possibilities of anyone who uses it, but this is 
mainly due to exposure to the computer, and not 
to BASIC itself. Any system or structure which 
embodies fundamental principles in a coherent 
manner almost always causes significant trans- 
formations in the habits of thought of those 
exposed to it. For example, the language LISP, 
which is directly derived from the fundamental 
ideas of predicate calculus and recursive functions 
(more on this later) has a peculiar phenomenon 
associated with it which I call the “LISP trance.” 
After overcoming the initial difficulties assimi- 
lating the principles behind the language the 
student or new user often finds himself per- 
ceiving the world in terms of these basic ideas. 
A tree is a recursive function applied to a seed, 
it's branches are a list structure, leaves become 
"atoms'' (specialized meaning) and so on. This 

- state can last as long as a week sometimes. The 
"cause" of this phenomenon is that the student 
has learned patterns which are fundamental 
enough to cause noticable restructuring of his 
internal environment. The new user "comes out 
of the trance'' when this restructuring process 
has leveled off to the point where the changes 
involved are imperceptable in relation to the 
adaptations necessitated by daily life. Since BASIC 
contains few patterns of any significance (and 
even those in a muddled sort of way) it is easily 
used as an instructional medium. It is not nec- 
essary for teachers to retool their antiquated and 
inadequate concepts in order to use it to transfer 
their antiquated and inadequate concepts to their 
students. This is not to the student's ultimate 
benefit. 

It creates false impressions. 

Besides the theoretically unsound patterns BASIC 
embodies, which will be discussed later, the lan- 
guage has two other flaws which génerally cause 
the user to have limiting misconceptions; First, 
there is nothing in it which gives the user any in- 
formation or facility with computer systems in 
general. Especially deficient in most implemen- 
tations are the means of dealing with peripheral 
devices. (Did you know that in many third- 
generation computers every device is a peripheral, 
including the CPU and the memory, and the 
"computer" is really the device which connects 
and coordinates all the other devices?) Secondly, 
"strings" to the contrary (very few languages have 
real string manipulation features), it forces user to 
think numerically. | have nothing against numbers, 
or numerical analysis as such, but numerically 
oriented processes are but a small portion of the 
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entire space of computational processes, and there 

are many significant, useful and fun things that 

can be and are done without using either numbers 

or strings. (Did you know that inside the computer 

the BASIC you use probably spends as much as 80 

or 90 percent of its time performing non-numeric 

computations?) For example, the fields of com- 
putational linguistics, operating systems design, 

and articifial intelligence are concerned almost 

exclusively with non-numeric processes. What, you 

ask, could a language be ''about"' besides letters or 
numbers? We will discuss this in the theory section. 

BASIC provides the interested student with very 

little background if he'is to actually use computers 

in any significant way in the future, as well as 
causing him to adopt faulty thinking habits. 
It’s inhibiting. ` 

BASIC restricts exploration and experimentation, 
and thwarts attempts at self-directed learning, un- 
less the learner is very highly motivated. It is not 
natural to express or describe processes which are 
not primarily numeric in nature in the BASIC 
language, and this implicitly restricts the kinds of 
uses to which it can be put. Numbers are not all 
that interesting to most people, and a steady diet 
of BASIC will never indicate to anyone the most 
powerful and general view of what a computer is; 
a symbol! processor, that is, a tool for manipulating 
conceptual objects as opposed to tools which 
manipulate physical material. Consequently the 
faithful BASIC user is unlikely to discover on his 
own the full potentialities of the phenomenon of 
computation. 

Many of the observations in the previous 
section apply with little modification to those 
users who are primarily concerned with the 
recreational use of computers. “Recreational” 
is a somewhat vague adjective, usually meaning 
“interested in games" or “interested in art.” 
Fairly interesting games can be produced in 
BASIC, unless the computer is to compete 
on an equal basis with human players, in which 
case I advise you to learn some computer 
science, explore the literature on artificial 
intelligence, and forget about BASIC entirely 
(assuming, of course, that the games you're 
interested in are non-trivial). Also, many of 
the mathematical features in BASIC are so 
much dead weight as far as game playing is 
concerned. For the artist the situation varies 
depending on the media he wants to work in. 
There are two ways in which computers can be 
used in the creative process; design and experi- 
mentation, and execution of the work itself. 
For most users the only type of art that is even 
remotely possible to directly create with the 
machine are line drawings, and that only if you 


in a more suitable language (such as ALGOL; 
it would have taken at most two weeks, even 
accounting for my substantial inexperience in 
things computational at the time. To summa- 
rize then; BASIC, while workable to a limited 
extent, is nearly useless to the incipient com- 
puter artist. Then again, so are most other 
currently available languages. 

Before leaving the subject of computer art 
I would like to make a few brief technical 
comments on making “‘teletype pictures:” 
First, the best ways of doing it are fairly com- 
plicated; Second, find out if your BASIC 
system will let you PRINT a thing called 
a “‘bare carriage return," which lets you type 
characters on top of each other (sometimes 
you can do it with TAB, assuming of course 
you have TAB on your system, . . . ); Third, 
even the best teletype pictures look terrible, 
and if you keep doing it hair will grow on 
your palms and; Fourth, if you persist on this 
road to esthetic nitwitdom, you will be aided 
and abetted by the author in an article on 
Teletype Plotting in a future issue of this 
amoral periodical. 

It is now my intention to examine the 
“rotten apple which spoiled the bunch," 
the things that are wrong about BASIC from 
the standpoint of computer science. It is 
in this area that the worst flaws exist; hope- 
fully the following comments will also give 
some indication of what better languages are 
like. 

BASIC has a regular rat’s nest of flaws in 
the area called control structures in the lan- 
guage of computer science. What’s worse, 
these problems interact with each other, so it 
is somewhat difficult subject to untangle. 
Nevertheless, in the interests of clean living, 
we shall attempt to thread our way through 
them. Р 

Imagine your favorite program is RUNning 
merrily along. At any moment the computer 
is executing some particular line. Call that 
line the active line and pretend all the other 
lines are just hanging around waiting to be- 
come active when the computer gets to them. 
The computer does whatever you told it to do 
in that line. Now if we look at a smaller seg- 
ment of time we find that the computer is 
not doing everything on that line all at once, 
instead it’s executing some part of the active 
line, such as adding two numbers together. 


sometimes a different one will (IF-THEN) etc. 
(What do you imagine a GOSUB looks like?) 

If we watch the program for a long time, 
maybe for several RUNSs, we will observe cer- 
tain regularities in which blocks become active 
before or after other blocks. These regularities 
form a pattern or structure, and that is what 
the control structure of the program is. (Flow- 
charts are a primitive way to draw pictures of 
control structures.) . ` 

Now if we look at а LISTing of our program 
we can see that the places or lines in the pro- 
gram where the computer goes to another 
block are always one of a small set of state- 
ments; GO TO, IF-THEN and so on. State- 
ments of this sort are sometimes called 
control statements. 

At this point I can show you one of the 
flaws in BASIC. Why it’s a flaw I will explain es 
a little later. Таке the program LISTing and 
look at it. It is possible to figure out what 
the control structure is, for instance we could 
take the LISTing and cut it up into blocks 
and paste them on a big piece of paper and 
draw arrows between them, to show what can 
come after what. 

Now take another LISTing and cut it into 
blocks like before, and then cut off all the line 
numbers and mix up all the blocks and then 
try to make another chart of the control 
structure like before, Can't do it, right? 

Now do exactly what you did in the last 
paragraph except don't cut off the very first 
line number in each block. Now you can make 
the chart. Obviously there is something special 
about those line numbers which makes them 
different from all the other line numbers in 
the program. (S6 what are all those other line 
numbers for anyway? We'll discuss that pretty 
soon.) А 

Now for опе last experiment. Cut all the 
line numbers off a LISTing and save them, and 
throw the rest of the program away. Now 
assume you have amnesia, and don’t remember 
all this stuff we just did. Put a mark of some 
kind next to all the line numbers in the pro- 
gram which are special. Can’t tell them apart, 
right? І 

Now clean up all those scraps of paper апа 
I will tell you what this cut and paste exercise * 
was all about. 


The first computer science flaw we have 
found in BASIC is this: 
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have a plotter. Design and experimentation is 
the most accessible area for exploration at the 
present time. The inadequacy of BASIC asa 
medium for expression of non-numeric concepts 
is clearly a severe limitation here. Again, if 
you are interested in having the machine “make 
up” works of art of any significance, abandon 
BASIC, do your computer science homework 
and read up on artificial intelligence. I have 
done a number of things in the area of com- 
puter music, one of which was a program that 
composed original four voice compositions. 
Your author now divulges a dark secret of his 
dismal past — the first computer language 1 
ever used was BASIC! In the context of this 
article this is indeed a painful revelation, but 
it should lend some weight to my argument, 
since I have sat on both sides of the fence, so 
to speak. Anyway, the aforementioned pro- 
gram was written in BASIC, and one of the 
best available implementations at that, (I will 
not reveal which implementation firstly be- 
cause I don't wish to plug any BASIC systems, 
and secondly because it was done on stolen 
time, only the names were changed to protect 
the guilty). Including debugging, it took sev- 
eral months to complete; had it been written 


We could look at even smaller segments of 
time, but we would wind up looking at ma- 
chine language or logic circuits or electronics 
or quantum mechanics, depending on how 
small we got, and none of those things concern 


_ us here. 


We can also look at larger segments of time, 
and we see that whole big chunks of our pro- 
gram become active together, that is, when 
one of the lines in the chunk becomes active 
then you know that all the other lines in the 
chunk are going to become active pretty soon. 
This happens to the lines inside a FOR-NEXT 
loop for instance. These “chunks” have a 
special name in computer science, they are 
called blocks. Now we can sit and just watch 
the blocks in our program become active, 
without paying any attention to what the lines 
in the-block are telling the computer to do. 

If we watch the blocks become active fora 
while, we will see a couple of different things 
happen: a block will be active and then sud- 
denly another block somewhere else will be 
active (the computer did a GO TO), a block 
will become active over and over (that’s a 
FOR-NEXT loop), sometimes one block will 
become active after a particular block and 
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The written form of the program gives very 
little indication of its control structure. Since 
the control structure reflects how the program 
operates it is next to impossible to figure out 
what goes on inside the computer by looking 
at the program. Since the purpose of a pro- 
gram is to describe what goes on inside the 
computer, this is clearly a flaw. 
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In fact, without those special line numbers, 
there wouldn't be апу indication at all of the 
control structure. The only way we could‘ 
find out is by looking at the “activations” in- 
Side the machine, and that is usually just not 
practical. Those special line numbers have a 
name in computer science — they are called - 
labels. In languages that have labels they are 
usually written as words, like HERE, HITHER г 
or FOO. Poor old FORTRAN has both line 
numbers and also labels which are numbers, 
Never mind, no use beating a dead horse. 


Why does BASIC have all those useless line 
numbers?” You are told that line numbers exist 
So the computer knows what order to do things 
in, and also so you can insert lines and move 
them around and stuff. As a matter of fact, 
line numbers are one of many different means 
for accomplishing these ends. It is far from 
the best in terms of user convenience, but it is 
among the easiest to implement when you are 
designing a language. I do not feel, however, 
that the needs of the user should at any time 
be ignored just to make implementation easier. 
After all, to the user, “а language is forever.” 
Since lines with labels are the only ones the 
program cares about, all you have to do is 
remember where they are when you type 
them in. Then you call all the lines that come 
between it and the next labeled line things 
like FOO.1, FOO.2 and so on. If you want to 
Switch them around or edit them later, the 
EDIT command should be able to tell which 
is which. But the only time you need those 
names is when you are typing it in or editing 
it, they don't have anything to do with the 
program itself. If you're wondering how you 
keep all the blocks in the right order, don't 
worry — you don't have to. The only thing 
that connects them are control statements, 
and they're already in the blocks. You can 
think of them as being separated, just like in 
the chart you made. 

Languages that use blocks and labels instead 
of line numbers are called block-structured 
languages. А very good example of a block- 
structured language is ALGOL. The idea be- 
hind block-structured languages is that the 
form of the program “оп paper” should in 
some way reflect it's control structure. There 
is, in addition, another useful thing that can 
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be done when you have blocks. The blocks 
сап have different “flavors” that is, the lan- 
guage can have different types of blocks to 
indicate different kinds of processes. BASIC 
has only one sort of block (in the strict sense) 
and that is the block defined by FOR and 
NEXT statements. In languages like ALGOL 
however, there are many different “flavors” 
which do what BASIC does with the somewhat 
messy IF-THEN-ELSE and ON-GO TO instruc- 


tions, as well as a whole lot of other neat things. 


So blocks are a means by which the program 
itself can contain useful information about 
what it is supposed to do. 

You may have noticed that the FOR-NEXT 
blocks in the program you were examining did 
not need labels. In fact, you do not, in general, 
need labels for blocks if their boundries and 
"flavor" are well defined. You may be won- 
dering at this point if your humble author does 
not have a few screws loose somewhere, first 
he goes to great pains to explain all about 
labels, and then he turns around and says that 
they're hardly ever necessary. If you've 
guessed it's because I am about to reveal an- 
other flaw, you're correct. So let's get down 
to business. 


Let's make a list of the various control 
statements that still can't be done by some 
flavor of block, or else need labels for some 
reason: 

GOSUB (and his sidekick RETURN) 

DEF and DIM and 

GO TO 

For GOSUB the situation seems fairly 
obvious — we make up a new flavor of block, 
called say a SUBROUTINE block ora 
PROCEDURE and we give it a name (label) 
and we end the block with a RETURN state- 
ment. Then if somewhere else in the program 
we want to call the block we write GOSUB 
MUMBLE or whatever the name of that block 
happens to be. OK, that’s pretty straight- 
forward, but let me ask you this: Have your 
programs ever had problems because BASIC 
sort of “fell” into a subroutine from the 
statements preceding that section of your pro- 
gram? Not nice is it? Here’s computer 
science flaw number two: 


INT 


BASIC does not adequately differentiate those 
sections of the program which are self-contained ' 
and meanfully separate and distinct. Asa con- 
sequence, the “Ноуу” of control into and out 

of subroutines may deviate radically from its 
intended and logical “course.” 
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Subroutines are fundamentally different 
from other parts of the program and the lan- 
guage should provide a definite mechanism 
for delineating them. In addition, control 
should absolutely never pass into a subroutine 
unless that subroutine has been explicitly 
called from some other part of the program. 

You may be surprised at the inclusion of 
DEF and DIM in my list. You probably don’t 
think of them as control statements at all, but 
as some other sort of beast entirely. Let’s go 
back to where we made up the SUBROUTINE 
flavored block. You'll remember that at that 
point we gave it a name (label). Think for a 
minute about what subroutines are for; they 
are special “chunks” of the program that 
we want the computer to “activate” at various 
and possibly widely separated places in the 
program. They perform some useful function 
and then pass control back to whatever part 
of the program called them. We indicate 
the subroutine that we wish to activate by 
means of its label (name). Now consider 
what happens when we put one of the FN _ 
functions in a statement somewhere. The 
computer goes down the line and various 
parts of it become active (like when it finds a 
+ or something) and then it gets to our FNX 
(or whatever we name it). At that point con- 
trol passes to the line on which we DEFined 
FNX, the computer does whatever we told it 
to do there and then control returns to the 
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line that was active at first. As far as control ЧЕ 
goes, this is exactly like а subroutine. This 
distinction that BASIC makes is completely 
unnecessary, and exists only because it was 
convenient for the people that wrote BASIC, 
certainly not because there is anything good 
about it as far as the user is concerned. We 
have *discovered" that BASIC had that 
flavor block all along; the DEF block. Un- 
fortunately most implementations of BASIC 
only allow DEF blocks that are one line long. 
We have not by any means exhausted DEF 
as a source Of flaws. There is an important 
difference between calling a subroutine with 
a GOSUB and calling the one line subroutine 
attached to a DEF statement using an FN_ 
type call. GOSUB is just a sort of glorified 
GO TO in that control and only control gets 
passed to the subroutine and RETURNed to 
the main body of the program. With DEF, 
the situation is different — information as 
well as control gets passed between the 
various parts of the program. Information 
is passed to the DEF “block” by putting it 
inside the parentheses that follow the FN _ 
which calls it. Information is passed back to 
the part of the program which did the calling 
in the form of the value which the “function” 
returns. The things in the parentheses after 
an ЕМ _ are called arguments, and are said to 
be passed in the same sense as control is said 
to be passed. Argument passing is an extremely 
important and fundamental idea in computer 
science. A value returning subroutine (usually 
called procedure) is also a concept with a 
similar degree of significance. All of the built 
in functions in BASIC (such-as SIN, RND, etc) 
are value returning procedures. . . which brings 
us to computer science flaw number three: 
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There is no consistent or even adequate mech- 
anism is BASIC for passing control and argu- 
ments or for returning values. As a consequence 
the user must bear the burden of “bookkeeping” 
which, in fact, should be shouldered by the 


. machine. 
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Pardon the “poetry” please. There's more — 
another fundamental element found in computer 
science, the recursive function is next to im- 
possible to produce in any form whatsoever in 
BASIC. A recursive function is a function 
which is.defined in terms of itself. Another 
way of putting it would be to say a recursive 
procedure is a procedure which calls itself. 

There is nothing at all “funny” about this idea. Б 
If subroutines can call other subroutines, why 
shouldn’t they be able to call themselves as 

well? Recent results in computer science in- 

dicate that the Theory of Computation itself 

may have very deep roots indeed in the Theory 

of Recursive Functions. The idea seems to be 

so important that I will diverge a moment to 

give a simple example. The factorial function 

for integers may be defined as follows: 


FACTORIAL (X) = 1 if X is zero 
X*FACTORIAL(X- 1) if X is not zero 


You can see what novice LISP users have to 
cope with. After you feel you understand this 
way of defining factorial (as opposed to using 
a FOR-NEXT loop). Try writing it in BASIC 
using either DEF or GOSUB. If you can 
actually get BASIC to swallow it in the first 
place, try RUNning it to calculate 20! or 30!. 
If it doesn't blow up consider yourself a 
natural born programmer, assuming of course, E 
you get the right answer within the limits of 
accuracy of your system. This is an extremely 
trivial example for which there exist other 

and possibly better definitions or calculation 
methods. 


(continued page 8) / T 


There exist however many important useful 
and fun things which cannot be done any other 
way. For instance the BASIC you use “figures 
out" what your lines “mean” and untangles 
complicated arithmetic expressions by means 
of a method known asrecursive descent. I 
certainly hope so anyway, if it doesn't it's 
either ten years behind or ten years ahead of 
other commercially available implementations. 
There are other, more complicated forms 
control structures can take, which have 
mysterious names like co-routines, parallel п- 
control streams and mutually recursive pro- 
cederes, but I won't go into all that since | 
it сап all be summed up as computer science 
flaw number four: 


Teg- 


BASIC has no provisions at all for complex 
control structures, most importantly there 
is no means of recursion. The result being 
that it is a very poor language in which to 
describe processes of a complex nature. 


There is still much that computer science 
has to learn about control structures, and 
much fascinating and controversial work is 
being done in this field. BASIC sidesteps the 
issue entirely by being as bad as possible. | 
Heaven protect те for saying this but even 
FORTRAN had argument passing. I’m not 
quite finished with DEF and we haven’t even 
started on DIM but we're almost done with 
control structures so I will dispense with the 
last item on our list — GO TO. 

Fairly recently it has been demonstrated 
that in languages with adequate control mech- 
anisms GO TO's are unnecessary. Їп addition 
they have been shown to have various nasty 
side effects, so they have been blacklisted in 
computer science. They certainly can make a 
horrible mess out of an otherwise reasonable 
program. Here are two things you can do in 
your spare time to earn big money and learn 
why GO TO's are bad news. First, RUN 
the following program: 


12 НЕМ *** LAFF RIOT PHOGHAM жжж 
20 LET V=1 

30 коң Ізі TO 2 

42 GOTO 60 

50.NEXT I 

60 PHINI N3 г 
16 LET N=N+1 el 
ви GOTO За т. 
90 END 


Either BASIC will blow up ог go on PRINTing 
numbers forever. If your BASIC system blew 
up I will explain why a littler later. I also re- 
spectfully advise you not to RUN it if there are 
other users on the system as it might interfere 
with what they are doing if it blows up - - de- 
pending on the implementation. Unless of 
course, you're some kind of revolutionary or 
are in a nasty mood. 
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The second thing is a game you can play with 
your friends — I call it GO TO NUTS: Each 
player takes a simple program, say ten lines or 
so. Then rearrange the lines so their order 
makes no sense at all. Next insert a whole 
lot of GO TO’s so that the program will RUN. 
Try to at least triple the length of the original 
program. Be sneaky, make long chains of 
GO TO’s and put in groups of GO TO’s that 
don’t have anything to do with the program. 
Have more than one GO TO going to the non- 
GO TO lines. Players then trade programs. 
Winner is first person to figure out what the 
program he has is supposed to do. Booby 
prize goes to first player to go stark staring 
mad. Players caught in infinite loops are 
eliminated — RUNning the program is con- 
sidered cheating. A bug in a program dis- 
qualifies the player who wrote it. Try it, 
you'll hate it, if you survive. Advanced users 
can no doubt invent more sophisticated 
variations. 

Anyway, you get my point — keep the 
number of GO TO's in your program to an 
absolute minimum. BASIC sometimes forces 
you to use them, but avoid them whenever 
possible. Large programs with lots of GO TO's 
very often develop horrible bugs. The same 
sorts of problems can result from IF-THEN 
statements as well, because of computer 
science flaw number two. 

Back to DEF. Information is passed to the 
one line “subroutine” in the form of arguments. 
Let's make up a “function” FNR so we will 
have something to point at. 


10 DEF FNR(X,Y) = X — INT(X/Y)*Y 


Now suppose that somewhere else in the pro- 
gram we were to write: 


500 PRINT FNR(15,7) 


When BASIC got to that line it would PRINT 
the number | (the remainder of 15 divided 
by 7). Now let’s look a little more closely at 
what BASIC did. First it ignored the 500. 
Then it “saw” the word PRINT and got all 
ready to type something on the Teletype. 
Then it “saw” the label, FNR, of our sub- 
routine. Then it passed the value 15 to the 
variable X, that is, it did a sort of “LET X=15” 
The same thing was also done for Y and 7. In 
computer science X and Y would be called 
formal parameters and 15 and 7 would be 
called actual parameters. The funny "LET" 
operation is called binding. The whole process 
looks like this in formal language: Passing of 
arguments to subroutines is accomplished by 
binding the values of the actual parameters 
to the variables given as the formal parameters. 
Now suppose we changed our program a 
little so it looked like this: 


500 LET X=2 
510 LET Y =3 * 
520 PRINT FNR(15,7),X, Y 


When the computer got to that part of the 
program it would type out 1 2 3 (with a little 
more space between the numbers). But wait 

a minute; if BASIC really was binding 15 to X 
and 7 to Y it should type 1 15 7. Aha! We 
have caught the computer doing something 
"funny." The X in the DEF “block” is some- 
how different than the other X. They look 
the same, but variables given as formal para- 
meters get special treatment inside the “block” 
they are used in. They are said to be /oca! to 
that block. They are also sometimes called ` 
"dummy variables" but that is not a nice 

thing to call anybody. The idea of the same 
variable having different meanings or values in 
different parts of the program is called scoping. 
Now suppose we changed FNR so that instead 
of being defined in terms of X and Y we define 
it in terms of, say, P and Q. It would work just 
as well. So we can see that scoping is a very 
useful thing to have, since it allows us to de- 
fine things without having to worry about 
what the actual parameters will be, in exactly 
the same way that variables themselves are 
useful because we can define things without 
having to worry about what their actual values 
are going to be. Now suppose we were to 
define another function, FNZ: 


20 DEF FNZ(X, Y) = Х+Ү+2 


And changed the program so it included the 
following lines: 


600 LETZ=3 
610 PRINT FNZ(1,2) 


When it got to that part the computer would 
type а 6. Now let's change just Line 600 so 
that it looks like this: 


600 LETZ=4 


Now the computer would type a 7. It iseasy 
to see why this happens even though we did 
not change Line 610 — it is because we changed 
the value of Z. The computer does not care 
about the values we gave X and Y earlier in 

the program because they are local to FNZ. 

But it did matter what the value of Z was at 
that point because it was “outside” of the 
scope of FNZ. These “outside” variables 


j SYVIEX Fer 
are said to be global (in this case Z is global 
with respect to FNZ). Now we can see another 
useful property of scoping; the various parts 

of our program do not have to “worry” about 
what ““names” they give the variables they 

.use unless they want to refer to the same thing, 
in which case that thing is global with respect 
to them. Exactly the same thing is true of 
people — it does not matter a bit if both of 

us have a secret name for something or other, 
such as gizmo, which we use when we are 


‘thinking or muttering to ourselves, but if we 


are out in the forest together and you say the 
word bear because one is standing behind me, 
I had better not think you are talking about 
the weather, because if I do I will get eaten 
up! So pardon the anthropomorphism of the 
last paragraph. To get back to the subject — 
BASIC only performs scoping inside of DEF 
blocks. Everywhere else, variables are always 
global. If people were like that it would be 
like hearing what everybody else was thinking, 
which would get pretty noisy. Another 

thing that happens because of this is that you 
have to be very careful that various parts of 


your program do not clobber the value of a 
variable that another part of the program is 
using. Again, if people were like that and 
you were thinking about something and any- 
body anywhere else in the world (globe) used 
the word for it and changed its meaning the 
meaning of that word would also all of a 
sudden change inside your head, and what's 
worse, you'd never notice it until you started 
thinking nonsense, and maybe not even then. 
So here is computer science flaw number five: ^ 


Y Чу 


BASIC does not provide the user with scoping. 
As a result he has to do a Jot of bookkeeping. 
In addition, programs written in BASIC are 
liable to have bugs caused by conflicts in 
variable usage in different parts of the pro- 
gram. 
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Now what in the world does DIM have to do 
with all this? In answering this question I will 
fulfill the promise I made way back when, to 
explain what a language can be “about” besides 
numbers. To do this we will have to explore 

the idea of value a little more deeply. 

When I used the word value in the previous 
sections chances are that you just thought 
“number” when you read it, and maybe thought 
I was trying to be a smarty pants by not just 
saying number right out. An example will 
straighten this out: If I asked you “what is 
the value of learning about computer science” 
and you said “two thousand eight hundred 
fourteen and a half” I would start to worry 
that you might get violent. I am not just ` 
pulling a semantic trick here — variables are 
just names for things, not necessarily the same 
thing all the time, but at any given instant 
they are the name of some-thing, just like the 
word “that” doesn’t always refer to the same 
thing, but when I use it you know what I’m 
talking about, or you say “what are you talking 
about?” if youdon’t. The “thing” that the 
variable happens to be the “name for” at 
that moment is its value. Special names which 
always mean the same thing (have the same 
value) are called constants. For instance, 3 
is the name for the “idea of three-ness" if 
people use it, but to a computer it is the name 
for a certain pattern of on and off bits. 

So variables are general purpose names, just 
like “that.” Now names сап be used for what- 
ever things we want to talk about, they're 
not picky. In computer languages what we 
want to talk about are three kinds of things: 
particular things or objects we are interested 
in for which we use symbols (because com- 
puters are dopes and don't know about any- 
thing else); patterns or systems that these 
things can form, which are called structures; 
and the ways in which these patterns can 
change, which are called processes, and are 
represented by programs. 


Up to this point we have talked about every- 
thing except structures. True, we did discuss 
control structures, but they have more to do 
with processes than things or symbols. If you 
like you may call “thing patterns” data struc- 
tures which is what is done in computer 
science. There is also a formal theoretical 
relationship between structures and processes, 
but I am not going to confuse the issue by 
going into all that. If you're interested, 
think of programs as patterns of symbols and 
see where it leads. or look into LISP which 
does away with the distinction almost entirely. 

In BASIC, we have symbols for three things: 
numbers, strings of characters and variables. 

It is very useful to have symbols that are just 
plain symbols, but I would call this a defect 
not a flaw. BASIC provides only one type 
of structure for these objects — arrays. That 
is where the DIM statement comes in. The 
DIM statement is a member of a class of 
things computer scientists call declarations. 
A declaration is a statement which says 
“within the current scope these symbols 
represent objects which have this particular 
structure." In BASIC the particular struc- 
ture indicated by the DIM statement is that 
of an “n-dimensional dense array with 
orthogonal euclidean connectivity." I give 
it’s full name to show just how special a case 
it is. There are a whole lot of useful struc- 
tures besides array thought, such as trees, 
directed graphs, sparse arrays, and sets. I 
will not go into what all these things are used 
for, I will only mention that inside the com- 
puter BASIC spends most of it’s time doing 
things with data structures and only a small 
portion doing things with numbers. We are | 
now ready to state computer science flaw 
number six: 


VVVVVVV 


BASIC provides only one data structure and 
contains absolutely no facilities for manipu- 
lating data structures. Since structures are 
one of the three main components of com- 
putation this flaw causes BASIC to be sev- 
erely limited. 
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Besides the DIM statement there are three 
"higden" or implicit declarations in BASIC — 
string variables are declared by the $ in their 
name, formal parameters are declared by their 
appearance inside the DEF statement, and the 
variable used in a FOR-NEXT loop is implicitly 
declared to be what is called index variable. In 
general, when a declaration is executed, a copy 
of the given data structure is created. These 
copies are sometimes called incarnations. That 
is why you can use expressions like 


SIN(SIN(SIN(X))) 


Each time the SIN routine in BASIC is called, 
a new copy of the formal parameter it uses 

is created. The LAUGH RIOT PROGRAM is 
intended to test whether the BASIC you're 
using creates copies of index variables. If it 
does, the program will fill up the computer's 
memory with copies of I (the index variable) 
and then blow up when the memory is full. 
The last number the program PRINTS will be 
a rough indication of how much memory you 
are given by'your system. If memory is 
shared by the other users, the program will 
blow them up too (which isn't very nice). 

If your BASIC does not create copies of index 
variables, the program will just RUN forever, 
and so much for that. Incarnation is a sort 
of “time scoping” and produces the same sort 
of advantages as regular scoping. Things like 
recursive functions are not possible without 
creating incarnations. ` 


In conclusion — 
BASIC has its uses, and can often be made 
to perform many of the functions I have out- 
lined, but only if the user is willing to expend т 
the necessary time and effort. It’s not the 
worst introduction to computing, but you 
can only go so far before it’s time to move 
on to better languages. 
BASIC is workable but it is a whole lot بخ‎ 
less than what the user should be satisfied 
with. Manufacturers will continue to push 
BASIC until YOU, the consumer, DEMAND 
more and better quality languages and soft- 
ware. Any computer large enough for BASIC 
is also large enough for an ALGOL or LISP = 
of equivalent complexity, and the software 
may already exist, but is not being pushed 
because, at the present time, BASIC is the 
big money maker. 
Even ALGOL and LISP were long ago 
superceded by better languages, but com- 
mercial availibility lags so far behind devel- 
opment that there would be little point in 
my even mentioning them in this article. If 
you’re interested, look into the PLANAR 
language, developed at MIT, which is itself 
becoming obsolete. 
Another factor is that the educational/ - ^ 
recreational market was really ““cracked open" 
by BASIC, and the manufacturers will milk 
it for all it's worth before they introduce 
something else. And, they are not about to 
produce good instructional materials for other 
languages until then either. I’m not criticizing, 
that's just how it is right now. And the only я 
way it’s going to be апу different is if YOU 
stop accepting whatever you’re given and 
start DEMANDING what you need and want. 
Furthermore, until now, there has never 
been any reason to develop languages and — 
systems specifically for educational/recre- 
ational use. Here at PCC we are constructing 
a model of the “ideal” educational/recre- 
ational language, and you can help by sending 
us ideas and suggestions. Until the community 
of users gets a clear idea of what it wants and 
needs, we will not be able to supply manu- 
facturers with constructive criticisms. The 
model is to help us do this. 
Finally, the community of users needs to 
be better informed about the entire field of 


computation. Since nobody is going to.do 


this for us, we have to help each other get 
it together. That is, in part, what this 
magazine is all about. 


This article was written under extreme time 
pressure, and is not as good as it should be. 
Become. an associate editor of PCC — rip out 
pages, scribble corrections and comments on 
them, or send us your questions, confusions 
and gripes. Next issue we will use your feed» 
back to provide further inputs to the educa- 
tional community. Maybe even a “User's Bill 
of Rights." Now it's YOUR turn. . . 
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Terminal "Terninolagg 


Computer Aided Instruction (CAD) and Time- 
share systems for the most part use Teletype 
terminals as user input/output devices. The 
Model 33 series produced by Teletype Corp. 

in Skokie, Illinois has long been a standard 

and workhorse of the industry. While other 
terminals are more and more prevalent the 
economics and reliability of the Teletype are 
hard to beat. | 

Basically the 33 comes in two main varieties — 
ASRs and KSRs. The KSR (keyboard send/ 
receive) is simply a keyboard and printing 
mechanism with an electronics (or call) control 
package for DAta Communication purposes. 
ASRs (automatic send/receive) have in addi- 
tion, a paper tape reader and paper tape punch. 
Within both groups there are numerous options 
such as: sprocket (or pin) feed, automatic tape 
readers, automatic punches, various keyboard 
options etc. The price of a KSR is approxi- 
mately two thirds the cost of an ASR. In con- 
sidering an installation with several terminals 
in one location, a mix of KSRs and ASRs will 
provide cost savings against obtaining all ASR 
machines. 


Most Timeshare and CAI system planners em- 
phasize heavily on the types of computers and 
software available. Less thought goes into how 
users are going to “talk” to the system. Typi- 
cally the attitude is: ‘‘we’ll use a bunch of 
Teletypes which cost about $70 each a month" 
either being forgetful or unaware that a lot 
more is involved in connecting a terminal to a 
computer. 
While each individual installation is unique in 
its terminal and data communication require- 


ments, one or more of three main methods of 
connection are used. ў 


Hardwired Terminals (Figure 1) 


These are the simplest and generally lowest 

cost installation. Each port or channel to the 
computer is physically wired to the terminal 

(in the case of a Teletype a low cost interface 
box is required for compatibility—see Figure 1). 
Limitations of this type of installation are: 


Only good to 2000 feet maximum 
Each port is “tied” to a Particular terminal making 
port and terminal inflexible 

Advantages: 


Low installation cost — $35 for 50 feet of cable 


Low recurring cost — about $55 per month lease 
for an ASR 33 Teletype and interface 


No reliance on telephone lines and their inherent 
problems 


“Dial Up” Terminals (Figure 2) 


Probably the most expensive but definitely the 
most flexible method of coupling terminals to 
computers. Modems, which convert signals 
from the computer into audio tones for trans- 
mission over telephone lines and vice versa, are 
attached to the computer. These modems which 
connect to the phone line through a protective 
device called a Data Access Arrangement (DAA) 
are dialed by a user with a terminal and a coupler 
(the coupler is a modem used by the terminal 
and has a receptacle for placing a telephone 
hand set into for connecting to the phone line). 
Disadvantages: 


Higher cost — typically $65 per month for the 
terminal and $20- for the modem at the computer 
Subject to phone line problems 


User not guaranteed a port should someone else 
occupy the line 


by 


Advantages: 


More terminals than lines can be provided. Many 
timeshare companies have five to eight times the 
number of customers than they could possibly 
handle at one time. 


Terminal not “tied” to one line should that line be 
down 


Other computers and even terminal to terminal 
communication can be used 
Multiple Terminals Per Line (Figure 3) 


The speed of a Teletype (10 characters per sec- 
ond — 110 baud) is low compared to the capa- 
city of a phone line. A number of special modems 
or multiplexers are available that allow six or 

even eight terminals to use one phone line. In 
situations where four or more terminals are 
located some miles from the computer this 

type of hook up is ideal. 

Disadvantages: 


Terminals are “tied” to a Particular port 


Should the phone line go down all terminals on 
that line are out of service 


Advantages: 


Phone line costs reduced significantly 


Prevents phone line being misused (it only goes to 
the computer) : 
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DATA-LINK 


Ever tear a paper tape? Ever tear the last copy 
ofa long tape? Good news! You can buy 
patches to quickly repair those torn tapes. 


Кот: DATA-LINK CORPORATION 
733 Convoy Court 
P.O. Box 2729 
San Diego, CA. 92112 


ALL CODE HOLES 
PUNCHED PATCH 


DTC 


Data Terminals and Communieations maintains more than 
200 Teletypes inthe San Francisco Bay Area. 75% of these 
are in educational places. DTC guarentees that they will 
appear on site to fix your TTY within 8 hours after a service 
calland they claim and average response time of 4 hours. 

АҒ they have to take your sick TTY to the shop, they'll leave 
you a loaner. 


$9.50 per hour fro ASR 33 


$15 to $19 per month for ASR 33 
$3 per month for acoustic coupler 


TORN TAPE CHARGES 
ON CALL SERVICE: 
& CONTRACT: 
PATCH 


Û GOOD AS NEW! 


MYLAR® OPAQUE PATCHES — are the 
thinnest patches available and are the 
perfect answer to photo electric readers 

. eliminates errors from light emis- 
sion. There are 1,000 1-inch patches with 
peel-off backs per Kit with all code and 
feed holes punched. 


PAPER PRESSURE SENSITIVE PATCHES 
--- are extra strong and are especially 
suited for use with oiled tapes. Peel off 
back makes them easy and fast to apply. 
There are 1,000 1-Inch patches per Kit, 
with all code and feed holes punched. 


What do you want to 
know about TT Ys? 


CHEEP TAPE WINDER: 


oo! (7" dia) metal film take-up reel 
16mm movie projector (any model) 


Pri 


$20 PER 
THOUSAND 


$19 PER 
THOUSAND 


Ask them 


for a free 


DTC will also rent, lease or sell you TTYs, interfaces, acoustic 
couplers and modems — new or used. 


SAMPLE PRICES 


Monthly Yearly 
Rental” Lease” Purchase 
ASR 33 (new) $50 $49 $1100 
ASR 33 (rebuilt) = = $ 825 
TTY to EIA interface $14 sa $ 50 
Prentice DC22 $15 $14 $ 298 


acoustic coupler 


* Includes maintenance 
from: Data Terminals & Communications 
535 Salmar Avenue 

Compbell, California 95008 


HOW DO YOU STORE TAPES? 


We used to store program on paper tape 
like this: ` 


But now we store them like this. We got 
our storage cabinet at Sears (30 drawers, 
about $7.50). Watch for sales at your 
local discount house. 


T 
4 


1 take-up reel demolisher (look in your toolkit--you probably 
thought it was a pair of pliers or a hacksaw) 


Demolish the takeup reel by removing one side of the takeup reel down to, 

but not including, the hub. If the reel has differently shaped center 

holes, remove the side that has the ROUND hole, leaving the square hole _ 

side intact. If both sidas ara the sane, either ¿ne wall 49: бетер, кеке xis 
(Of course if you don’t have а 16mm 

^ ' projector, it isn't so cheap! — PCC) 

e Mount the reel on the movie projector; mount the 


tape on the reel like а film, turn the projector 
М у to RUN (without the lamp}, turn off when tape is 
Keep up the good work. 


oce 


wound. RZWIND is usually too fast. 


How do you store tapes? 


MUSIC IN BASIC? 


Why not?! We don’t know of many BASIC systems that can play music di- 
rectly, like the big computer music setups, but with humans to do the plan- 
ning, programming, and playing, the small computer becomes a useful tool 
for people who know music or want to learn. There are even some published 
music programs in BASIC (we’ll try to review these in later issues of PCC). 
The programs in this issue were concocted by local music freaks, however. 


OVER 


GOOD VIBRATIONS 


To start with, let's look at musical pitch. Sound is made by something vi- 
brating, i.e., moving back and forth in some regular way. The faster the rate 
of vibration (i.e., the frequency) the higher the pitch of the sound. 


Do you have a guitar? Try this experiment. 


First, strike any string so that it makes a good loud sound. Then, place your 
finger gently on the string right over the 12th fret. DON'T PRESS THE 
STRING DOWN TO THE FINGERBOARD, just TOUCH IT. 


The result should be a bell-like ringing sound higher in pitch than the sound 
of the open string. 


ТИМЕ 


THE OVERTONE (OR HARMONIC) SERIES 


This ringing sound is called an overtone. The overtone you heard is produced 
by the string vibrating in parts (like the diagram along the side of the page 
yonder). In this case the string is vibrating in halves (the 12th fret is exactly 
halfway between the bridge and the nut). Any integer division of the length 
of the string will produce an overtone. The number of overtones is theoret- 
ically infinite, since the integers go up to infinity. However, the higher ones 
are hard to locate or hear.- The first eight overtones (at 1/2, 1/3, 1/4, 1/5, 
1/6, 1/7, and 1/8 of the string length) are pretty audible. 


Also, the string vibrating as a whole (1/1) is an overtone! Now ... experiment 
some more ... try other places on the string. Can you get any more overtones? 


JERLES 


QUESTION: ARE ALL THE OVEKTONES YOU @BTAINED 
LOCATED KIGHT OVER FRETS ON THE GUITAR FIN- ©) 


GERB@ARD? ARE THERE ANY THAT SEEM Т@ BE QUESTION: IS THERE ANY PHYSICAL 
BETWEEN FRETS? HOW IS THE GUITAR FINGEKBOAKD BASIS FOR THE COUNTING NUMBERS, 
CONSTRUCTED? 


©) OR ARE THEY JUST IMAGINARY CONCEPTS? 


> QUESTION: IF THERE IS AN INFINITE % 
8 момвек ØF ОУЕКТОМЕ5» AM I RIGHT TO 


ә 
SAY, "WHEN. YOU HEAR QNE NOTE» YOU ©) 
HEAR THEM ALL"? 


INTERVALS 


One more idea, before we look at some programs. The musical interval be- 
tween tones is determined by the ratio of the frequencies of the tones. For 
example, if one tone has a frequency of 100 vibrations per second, and 
another has a frequency of 300 v/sec, then the ratio of their frequencies is 
3/1. This idea about intervals and frequencies was worked out by Pythagoras, 
as was the idea of overtones as integer multiples of a fundamental frequency 
(the fundamental is the 1/1 overtone frequency). 


Other peoples have recognized this principle, however, and there are elab- 
orate Chinese, Arabic, etc., music theories based on this definition of 
intervals. The Chinese may have learned of these concepts from travelers 
who knew about Pythagoras. 


22 


A 


QUESTION: IS THERE ANY CONNECTION BETWEEN MUSIC 


AND RIGHT TRIANGLES? WHAT INTERVAL IS GIVEN BY 
THE RATIO 374? 475? 3:4:5? 


OCTAVES 


One of the most important intervals worldwide is the ratio 2/1. Western 
(i.e., European, etc.) musicians call this interval the octave. There is a 
tendency in human musical culture to use octaves as ‘‘defining points” in 
making up musical patterns. Most scales essentially begin repeating every 
octave. Why is this? 


The following BASIC program computes the overtones of an INPUT fun- 
damental (F). The program also computes the ratio, and reduces it to a 
decimal that lies between 1 and 2. Since any power of 2/1 is also an octave 
of the fundamental (an octave of an octave is an octave), all octaves of F 
can be said to have ratio 2/1 without falsifying the relationship. Reducing 
the ratio is done in lines 190 to 210. Here is the program, and a RUN for 
the first 10 overtones. 


, 
100 REM BVERTONE SERIES GENERATOR 
110 РКІМТ "HOW MANY OVERTONES DO YOU WANT''; 
120 INPUT Т > 
130 PRINT "WHAT 15 THE FUNDAMENTAL FKEGUENCY''s 
140 INPUT F 
= 150 PRINT . 
160 PRINT “"@VERTONE's"FREQUENCY"s "RATIO" 
170 FOR I-1 TO T 
180 HzF'*I 
200 IF R <= 2 THEN 230 
210 R=R/2 — е 
220. GOTO 200 
230 PRINT IsHsR 
240 NEXT I 
250 PRINT. 
260 END ----- f 
Е RUN 
a pa HOW MANY ОУЕКТОМЕ5 DO YOU WANT?10 
нн WHAT IS THE FUNDAMENTAL FREQUENCY? 440 v 
OVERTONE FREQUENCY RATIO 
1 440 1 
ban 25 2 880 2 
3 1320 1.5 
5 2200 1.25 
6 2640 1.5 
7 3080 1.75 
8 3520 2 
9 3960 1.125 
m 10 4400 1.25 


4 


H TS 


2 


F IS FAR FUNDAMENTAL. 


R IS FOR RATIO. 
р TS FAN PYTHAGORAT | 


QUESTION: HOW MANY @CTAVES ARE 
10 .OVERTONES? 
AS OFTEN IN THE FIR 
9VEKTONES WHEN YOU HEAR S@UNDS? 
@CTAVE BE "UNIVERSALLY" 


> 


c А 

= THERE IN THE FIRST 
ЕКЕ ANY @ТНЕК RATIOS @CCURR 

ST 10? DOES YOUR EAR PRODUCE 9 


WHY MIGHT THE 
IMPORTANT TO HUMANS? 


АКЕ 


мда 


SCALES 


The number of possible frequencies is infinite, because the spectrum of 
sound is continuous. In practice, human musicians have attempted to select 
definite frequencies to work magic/music with. A set of definite tones (or 
intervals, which amounts to the same thing) is called a scale. 


There are infinitely many different scales. Pythagroas constructed a 7-tone 
scale based on the 3/1 overtone (next most important after the octave). The 
Pythagorean scale contains tones at intervals of 3/2, starting with a tone 2/3 
that of the Fundamental. Try to write a program to compute the frequencies 
of such a scale. We’ll publish our version next issue. 


Meanwhile, on to the 18th Century and J.S. Bach. The scales of Pythagoras 
and other variations (we'll get to them next time too) implied-a scale of 12 
tones to the octave, increasing proportionately (i.e., geometrically) from F 

to 2*F. Scales of this type are called tempered scales, and were apparently 
-known as theoretical possibilities to the ancient Greeks. Only by the time of 
Bach, however, was the 12 tone tempered scale a practical possibility. Why 
was it so difficult? Because the proportionality constant for a 12 to the octave 
Scale has to be the twelfth root of two!!! Think about it ... the first tone has 
frequency F, the second has F*C, the third has F*C*C of F*C?. Tone 13 


must have frequency Е“С12 and must also equal 2*F, since it represents the 
octave (12 different tones, remember?). 


If F*C 12 = 2*F, then C12 =2 and C=21/12 the 12th root of 2. 


This is an irrational number (like all roots of 2), and is difficult to calculate 
without logarithms. Logarithms were discovered by Napier in the late 16th 
Century (see Newman, The World of Mathematics, Vol. 1, p. 123), and tables 
of logarithms were probably not generally available (or appreciated) until 
nearly a century later. So, Bach’s “Well-Tempered Clavier" could have been 
written earlier, but could not have been played at one sitting. 


The program opposite calculates the frequencies of a tempered scale with an 
INPUT number of tones in one octave. It uses the LOG and EXP functions; 
we could have used an expression like F*21/12 instead, but this way seems 
neat. No doubt Napier, after 25 years of hand calculations to produce the 
first book of log tables, would rather have done it this way! 


TEMPER TEMPER 


Earlier we discussed various properties of single tones, such as their overtones. 
The program at the left, titled “BEAT FREQUENCY ANALYZER” allows 


us to explore, in a simplified way, one of the musical effects produced when 110 
two tones аге sounded together. This effect is called beating and is опе of 120 
the main factors which determine whether a pair of tones are consonant (or з 
dissonant) with respect to each other when they are played together. When- 150 
ever two frequencies are vibrating simutaneously a complicated motion is set 160 
up in the vibrating ‘‘medium”’ or substance, since it is being made to vibrate 170 
in two different ways at once. One of the effects caused by this compound 153 
vibration is that, in addition to hearing the two tones being played, we also 200 
hear another tone whose frequency is the difference between the frequencies 210 
of the other two tones. This sound is called the difference tone. Because of 220 


Я эры : Е 30 
the way our ears work there is a lower limit to the frequencies we perceive as 24 

continuous sounds. Below this limit frequencies are heard as separate “‘pulses’250 
or beats. This lower limit varies from person to person and is also somewhat 


260 
dependent upon other factors as well, but for our purposes we will say it lies 270 
somewhere between 20 and 60 cps (cycles per second) say something like 30 5 
cps. If we examine still lower frequencies, below 10 cps for instance, we find 300 - 
that the beats are coming too slowly for us to notice, and we usually don't 310 
hear them at all. Now, if the difference tone has a frequency in this range $30 

1 “ ” . . . 

(10 to 30 cps) it sort of “breaks up” the sound we are hearing in what is 340 
usually considered an ““unpleasant” or dissonant manner. We might say that 350 


it is "sour" or that the tones are “out of tune." Since most musical tones 
have overtones these also produce difference tones with all the overtones of 
the other sound as well (what are the difference tones produced by the over- 
«tones of a single tone?) and if any of these difference tones lie in the criti- - 
cal range the same sort of effect occurs, they sound “dissonant.” 


360 
370 


380 
RUN 


SIC 


100 REM *** SCALE FREQUENCY GENERATOR жжж 
110 PRINT 

120 PRINT "HOW MANY TONES TO THE OCTAVE "; 
130 INPUT Т 

140 PRINT li 

150 PRINT "WHAT IS THE BASE FREQUENCY "3 
160 INPUT F 

170 РКІМТ 

180 LET L=L9G¢2)./T 

190 PRINT "TONE' ,'"FKEQUENCY"'' 

200 PRINT .. 

210 FOR I-O TO T-1 

220 - PRINT I*1,F*EXPCIxL) 

230 NEXT I 

240 PRINT 

250 END a 

RUN 


HOW MANY TONES TO THE OCTAVE 212 
WHAT 1S THE BASE FREQUENCY 2440 


TONE FREQUENCY 


440 . 

466-164 
493.883 
523.251 
554.365 
587.329 
622.254 
659.255 
698.457 
739.989 
783.991 
830.609 


мочольоме- 


10 


КЕМ жжж НАКМОМІС BEAT-FREQUENCY ANALYZEK жжж 
PRINT 


L=(LOGC2))9/712 F 
PRINT “INPUT BASE FREQUENCY» 
INPUT F>DO>D1 

DEF FNTCXI=FHEXPCXHL) 
PkINT 

PRINT "INPUT FIRST TONE, 
INPUT Р,О 

PRINT 

U=FNT CP) 

V=FNT CQO) 

K=1 

Т-Кжу 

Jz1 

SzJ*U 

W=ABS(T-S) 

IF «>01 THEN 310 

IF vw >= DO THEN 350 
PRINT “CONSONANT "3 

GOTO 360 

J=J+1 

IF S«T THEN 250 

K=K+l 

GOTO 230 

PRINT "HARMONIC f1","HAKMONIC #2", 
PRINT J>KsW 

GOTO 160 

END 


LOWEK LIMIT» UPPER LIMIT 


SECEND TONE "'3 


"BEAT FREQUENCY" 


. р : Й INPUT BASE FREQUENCY» LOWER LIMIT» UPPER L ? 
At this point we have enough background information to discuss the program. | . T , IMIT ?440,10,30 
As the RUN here indicates we are first asked to INPUT the “base frequency." INPUT FIRST ТОМЕ» SECOND TONE 21.8 


This is the frequency from which the frequencies of the 12 tone scale are 
computed. We have used the conventional “А above middle C" or 440 cps. 
Then the program asks for the “upper” (30 cps) and “lower” (10 cps) limits 
of the critical range. These are INPUT so the effects of changing the limits 
can be explored. 


tones you wish to examine. The base frequency is 
considered to be zero, positive numbers represent 
tones above the base frequency in pitch, negative 
numbers represent tones below the base frequency. 
With the base frequency of 440 cps as in our example, 
12 would represent 880 cps and —9 would be the 
number to INPUT for “middle C." 


CONSONANT 


Next the program asks for the two chromatic scale HARMONIC #1 


3 2 


1.57812 


INPUT FIRST TONE» SECOND TONE 21,5 


HARMONIC #2 


BEAT FREQUENCY 
4 


18.499 


(Continued on the top 
of the next page) 


Sou 
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ANOLVNALIT HHL YHAO scd. 


send check or money order to: People's Computer Company 
РО. Box 310 


En ш----- --- 
паша; а Menlo Park, Ca 94025 


Zip 
what kind of computer do you use? 


He macro star заны кап of cho yoor 


$4 for 5 issues 
($5 Canada & overseas) 


